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A RADAR STUDY OF THE PLANET MARS IN THE SOVIET UNION’ 

V. A. Kotelnikov, V. M. Dubrovin, B. A. Dubinskiy, M. D. Kisl ik ,  
B. I. Kuznetsov,  G. M. Petrov, A. P. Rabotyagov, 

0. N. Rzhiga, A. M. Shakhovskoy 

A radar  study of the  p lane t  Mars w a s  conducted during the  per iod of opposition in  t h e  f i r s t  ha l f  of 

February 1963.2 The 1963 opposition w a s  unfavorable for observat ion s i n c e  Mars w a s  a t  a d i s t a n c e  of 

100 - 101 million km from the Earth during the time of measurement. 

A frequency of approximately 700 Mc w a s  used for the Mars observat ion,  with ci rcular  polarization 

of t h e  rad ia ted  s i g n a l s  and l inear  polar izat ion of the receiver  antenna.  T h e  overal l  sens i t iv i ty  w a s  the  s a m e  

as that  in the radar  s t u d i e s  of Mercury in 1962 (Ref. 1). The energy of the  radiated s igna l  inc ident  on the 

ent i re  vis ible  sur face  of Mars amounted to 1.2 w. The t ransmission w a s  continued for the  time period required 

for the p a s s a g e  of the s igna l  from the  Earth to Mars and back (about 11 min); reception w a s  then ini t ia ted 

and  cont inued for the same time period. 

T h e  transmitted s igna l  had the form of a l ternat ing rectangular p u l s e s  and s p a c e s  a t  two frequencies  

differing by 62 .5  cps .  T h e  duration of the p u l s e s  and the s p a c e s  w a s  4.096 sec a t  each  frequency. T h e  sh i f t  

of t h e  frequency of  the  carrier and the keying frequency of the ref lected s i g n a l s  caused  by t h e  doppler e f fec t  

w a s  due to  the motion of  Mars, and the Earth (with account for rotation) w a s  compensated in  accordance with 

a ca lcu la ted  program. The  received s i g n a l s  were recorded on magnetic tape,  together with a 2000-cps s i g n a l  

serving as a timing s c a l e .  The spec t ra l  a n a l y s i s  of the received s i g n a l s  on the magnet ic  t a p e s  w a s  performed 

j u s t  as in the radar s t u d i e s  of Mercury and  Venus in 1962 (Ref. 1, 3). 

S ince  the ref lected s igna l  w a s  very weak and w a s  impossible  to d e t e c t  in any  s ingle  t e s t ,  s p e c i a l  

a t tent ion w a s  devoted to monitoring of proper operation of the ent i re  arrangement. 

Translation of Doklady Akademii Nauk S S S R ,  V. 151, no. 4, pp. 811 -814, 1963. 

The radar study was performed by the Institute of Radar and Electronics  of the USSR Academy of S c i e n c e s  
together with several  other organizations. 
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The pointing of the antenna w a s  checked by means  of a theodol i te  mounted on the antenna,  with 

Mars v is ib le  a t  the crosshairs  (except  for the  night of February 9, when Mars w a s  not vis ible  because  of 

cloud cover). Monitoring of the transmitter radiation w a s  accomplished by m e a n s  of an auxi l iary receiver  

whose output  w a s  fed to an oscillograph and into a loudspeaker .  Each  day before operation began, and  aga in  

a f te r  termination of operation, the sens i t iv i ty  of the  receiving s ta t ion  w a s  cal ibrated by means  of radiat ion 

of the extraterrestrial d i scre te  source C a s s i o p e i a  A. During in te rva ls  between t e s t s  the receiver  w a s  cal- 

ibrated on Cass iope ia  A. 

An electronic frequency meter  w a s  u s e d  to monitor the correction for the frequency sh i f t  caused  by 

the doppler effect .  The operation of the modulator could be checked  from the photorecordings of the mod- 

ulat ing s i g n a l s  which, together with timing marks, were recorded on a galvanometer osci l lograph.  The 

complete operation of t h e  se tup  w a s  verified by u s e  of a s imulator  which impressed  the su i tab ly  a t tenuated  

transmitter s igna l  on the input  of the  receiver .  

The primary measurements  were made every night  from February 6-10, 1963. During t h i s  period 90 

transmit-receive t e s t s  were made, each  of  22 minutes  duration, in which the ent i re  apparatus  operated 

normally. The signal ref lected from Mars w a s  rel iably de tec ted  in  28 t e s t s  performed the night  o f  February 7 ,  

and i n  20 of the tes t s  on the night of February 8. 

The resu l t s  of the a n a l y s i s  of the  spectrum of the received s igna l  from the  48 t e s t s  i n  which the 

ref lected s igna l  was  detected a re  presented  in F ig .  1. The a n a l y s i s  w a s  performed us ing  f i l t e rs  with a 

bandwidth of 4 c p s ;  the s torage time w a s  8.5 hr. A f i s  the difference in the  tuning frequency of the 

f i l ters  re la t ive to  the center  frequency corresponding to the  average  ca lcu la ted  frequency of the ref lected 

s ignal  spectrum; W is the  energy s tored  in  the band of each filter; uIY i s  the rms value of the error of the 

measurements  due to noise .  T h e  spectrum of Fig.  1 i s  the sum of the r e s u l t s  of measurements  a t  both 

frequencies  radiated by the transmitter. 

AS s e e n  from Fig .  1, in the spectrum of  the re f lec ted  s igna l  a narrow-band component i s  observed 

whose energy, accumulated in the center  f i l t e r  band, e x c e e d s  by fourfold the rms value of the  measurement  

error due to  the noise. There  is only a 0.003% probability that  t h i s  r e s u l t  i s  due to  noise .  

In the calculat ions of the doppler s h i f t  of  the frequency and  the  delay of the  re f lec ted  s igna ls ,  the 

value of the astronomical uni t  A w a s  taken to be 149,599,300 km, which i s  the value obtained in the radar  

s tudy of Venus i n  1961 (Ref. 2). As s e e n  from Fig.  1, the frequency of the narrow-band component o f  the 

ref lected s igna l  corresponds to the ca lcu la ted  value (with a maximum error S f  = k 2 c p s  due to the bandwidth 
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of the center  frequency filter). Thus ,  the  radar  observat ions of Mars confirm the  r e s u l t s  of the measurement 

of the astronomical  un i t  obtained in the radar s tudy of Venus (Ref. 2 ,  3) and Mercury (Ref. 1). The magnitude 

of the doppler sh i f t  of the frequency caused  by the motion of Mars and the Earth during the  time of observa- 

tion amounted t o  AfD = 8 

radar study of Mars must  l i e  in the l imits  

12 kc.  Therefore ,  the error in the  measurement of the astronomical  uni t  in the 

6 A  = A  - -  sf f 30,000 km 

AfD 

In view of the inadequate  leve l  of the s ignal ,  a prec ise  measurement of the d i s t a n c e  between the 

Earth and Mars w a s  not made. 

The r e s u l t s  of the sequent ia l  accumulation of the  energy of the ref lected s i g n a l s  in the C c p s  band- 

width of the center  f i l ter  during the per iods of observation a re  shown in F ig .  2 .  The energy accumulation i s  

shown separa te ly  for each of the frequencies  radiated by the transmitter (curves  1 and 2) and  for their  sum 

(curve 3). In the tests conducted on February 7 and 8, when the ref lected s igna l  w a s  de tec ted ,  the  energy 

accumulation w a s  uniform at both frequencies .  In  the t e s t s  on February 6 a n d  9, when the ref lected s igna l  

w a s  not de tec ted ,  the  curves osc i l la te  about  zero. The c a u s e  of the a b s e n c e  of the s igna l  in  t h e s e  t e s t s  

has not been explained;  however, t h i s  may be related to a change in the ref lect ive propert ies  of the Martian 

sur face  on t h e s e  days.  

F o r  Mars, whose period of rotation (from astronomical observat ions)  i s  24  hr  37 min, the total  width 

of the spectrum of the ref lected s i g n a l s  at the 700-Mc frequency, account ing for the tilt of the  axis of 

rotation, can  at ta in  2200 cps.  The reception of a narrow-band spectrum from a planet  with a high rate  of  

rotation i n d i c a t e s  the ex is tence  on the sur face  of Mars of fairly smooth horizontal  a r e a s  with dimensions of 

severa l  ki lometers  or more. 

The average  reflection coeff ic ient  of Mars, defined as the ratio of the energy of the ref lected s i g n a l s  

i n  a 4-cps bandwidth during the 48 test observat ions (February 7-9, 1963) to  t h e  energy of the s i g n a l s  which 

would have  been received i f  Mars were a smooth ideally conducting sphere,  w a s  found to be 7%. T h i s  

reflection coeff ic ient  i s  c l o s e  to the  value obtained in the radar s t u d i e s  of  Venus and larger  than the value 

for the Moon. 
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The observed re f lec ted  s i g n a l s  came from that portion of  the Martian sur face  which w a s  c l o s e s t  

to the Earth a t  a given instant .  A s  a resu l t  of the rotation of Mars the ref lect ing zone moved almost  exact ly  

paral le l  a long  the surface during the course of a day ( s e e  F ig .  3). From day to day the path of the re f lec t ing  

zone sh i f ted  Q 500 km in longitude and 7 km in la t i tude.  The a r e a  s tud ied  w a s  loca ted  in the northern 

hemisphere and  had the aerographic (Martian) coordinates: from 14O30 ' to 14' la t i tude,  from 310 to  360' 

longitude, and  from 0 to 140° longitude. T h i s  a r e a  corresponds to the lighter port ions of the sur face  (Fig.  3), 

which are  arbitrarily termed continents. 

The longitudinal variation of the reflection coeff ic ient  of the inves t iga ted  a r e a s  of the sur face  of  

Mars, is presented  in Table 1 as determined from the  energy of the ref lected s i g n a l s  in a 4 c p s  bandwidth 

during severa l  t e s t  periods. 

Table 1. Longitudinal variation of reflection coefficient 
of investigated areas of Mars surface 

N u m b e r  of t e s t  periods 

Reflection coefficient 

In view of the small  number of test periods, the s igna l /noise  ra t io  in  these measurements  did not  

exceed  1.5 - 2.5, and t h e  data on the  reflection coefficient presented  in  the tab le  cannot  be considered very 

rel iable .  
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Fig. 1. Spectrum of the received signal 
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Fig. 2. Results of the sequential accumulation of energy of the signal reflected from 

Mars in a 4-cps band on February 6 -- 10, 1963 
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Fig.  3. Astronomical map of Mars adapted by the International Astronomical Congress in 

1958 (Ref. 4) showing areas under study 
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